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ByLewieE.Wallner

The perfoxmanoe of a turbojet engine with oonstant- aud
variable-8rea ezbawt noctlse ha6 been inveet*ted in the HACA
Cleveland  altitude wina tunuel. The inveetlgatl~ wa8 made at
nlmulatsd altitude8 from 5000 to 45,COO feet and eimlatisd flight
I&oh nunibere from 0.12 to 0.94.

ThO effiOiOZlOy Of the vSri~ble-UXW8 ewU8t IlOZZLe -8 iKnn
1.5 to 8 percent lower than the effioien~~ of the 0cumtmt-area
nozzle. A8 u rmult, the net thrust obtalned with the variable-
area nozzle at an altitude of 25,000 feet, a flight Maoh number
of 0.53, &nd a turbine-outlet temperafure oQ 1600° R WCLB 8 percent
lower thau that obtained with the oonstant-8rea nozzle. At the
8am flight QOnditiOnS  and a net thru8t of 1200 pound8, the 8peOifiO
fuel 0~8rtmptioOwLHl8  pemsent higher with the variable-area nozzle
than with the oonstent- nozzle. With the results oorreoted to
a nozzle efflaiemy of 100 peroaut, approximately the ssme thrust
and epeoiflo fuel oou8umptlon were obtained at limiting en&e eon-
ditia8 for the variable- and oonatant-area nozzlee. Redwing the
thrustbydeoreseingthe  em&no speedwiththe oomtant--nozzle
or by inoreasiag the nozzle area with the variable-area nozzle
resulted in about the seme 8psolfio fuel oaneumptiou.

At an altitude of 25,000 feet and a fli&t Maoh nuniber of 0.53,
a 330peroent inoreaee In nozzle area deoreased the thru8t about
47 percent. An equal thru8t reduotiaa with the oollstant-area
nozzle, requLred axi e8ti3Wbted reduotion ti engine weed fran
12,350 to 10,500 rpen.

Beaauee of the de@ee oft&u8tmntrolthateanbe exerc18ed
. atcomtantrotatkmal  epeedw%thanQDleine  equgppedwitha
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variable-area  exhaust nozzle, the performance characteristics of
such an engine configuration are of great interest. Several opera-
tional problems would be relieved by regulating the thrust with a
variable-area exhaust nozzle instead of changing the engine speed.
One problem is the time required to change engine thrust. Because
of the relatively high inertia of the rotor, considerable time ie
needed to accelerate or decelerate the engine. With a variable-
area nozzle, hmever, rapid changes in thrust can be effected by
varying the nozzle area. Another problem that might be alleviated
is combustion blow-cut, which is often encountered at reduced thrusts
obtained at low engine speeds with a constant-area nozzle. With a
variable-area nozzle, reduced thrusts can be obtained at high
engine speeds by opening the exhaust nozzle.

An investigation of constant- and variable-area exhaust nozzles
cn a turbojet engine was made in the NACA Cleveland altitude wind
tuunelduringJuly 1947. Engine performanc e with the two nozzles
was obtained for a wide n%nge of flight conditions. A comparison
of engine perforce with each type of exhaust nozzle wae then made
on the basis of net thrust and net thrust specific fuel consumption.
An analysis af the experimental results and a tabulation of the
baeic performance data are presented..

RNGINEANDINEEIAIUTION

An early experimental Westinghouse 24C turbojet engine mounted
in a wing nacelle was installed in the altitude-wind-tunnel teat
section (fig. 1). The engine consists of an 11-stage axial-flow
cvessor, an annular-type combustion chamber, and a two-stage
turbine. For the first part txf the investigation, the engine wae
equipped with an e&au& nozzle having a constant area of 1.187 square
feet. This nozzle area was so seleuted that a turbine-outlet tem-
perature of 1600°Rwouldbe obtained&rated engine epeedand sea-
level static conditions. For the second part of the investigation,
the engine was equipped with a variable-area exhaust nozzle with
which the projected-outlet area could be varied. from 1.017 to
1.885 siparC feet. -The variable-area nozzle was the clam-shell
type, with pivot points at the top and the bottom of the tail pipe
(fig. 2). A movable motor-driven yoke was used to change the noz-
zle area. Flexible steel sealing strips were installed on the
front of the movable lip to minimize gas leakage (fig. 3). Detailed
tamperature and pressure surveys were obtained at six measuring
stations in the engine, as shown in figure 4.

Dry refrigerated air was supplied to the engine through a duct
from the tunnel make-up air eystem (fig. 1). The pressure and the
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temperature at the compressor inlet (based on lCO-peruent  ram-
pressure reoovery) were maintained at values oorresponding to flight
conditions in NACA standard atmosphere and the static pressure in the
tunnel test se&ion was maintained at the desired altitude value.

Engine thrust was obtained Finn measurements made with the tunnel
balance scales. Engine air flow was oalaulated  fran values of pres-
sure and temperature measured in the engine inlet duct (fig. 4,
station 1).

The performance of an axial-flow turbojet engine was obtained
in the altitude Kind tunnel for the following simulated flight m-
ditions: .

Altitude Flight
(f-a Mach

number
5,000 0.12
15,000 .53

a 25,000 .12
25,000 .25
25,000 .53
25,OCC .73
25,000 .86
25,000 .94

'45,000 35,000
'

.52 .52

With the constant-area exhaust nozzle, the engine was operated over
a wide range of engine speeds. Wfth the variable-mea exhaust
nozzle, data were obtained at engins speeds of 11,000, 12,COO,
and 12,500 rpm (rated engine speed) at four exhaust-nozzle-outlet ,
areas for each engine speed.

The symbols and equations used to aloulate the results are
given in the appendix.

In orderto compare the engine performance with-the two general
types of nozzle, it is necessary to evaluate the effect of the
nozzle losses. Experimental constant- and variable-area nozzle
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efficiencies presented in figure 5 for several flight coaditiars
and engine speeds show that the variable-area nozzle used in this
investigati~  was less efficient than the constant-area nozzle.
Rxhaust-nozzle  efficiency, vhlch is defined 8s the ratio of the
measured Jet thrust to the Jet thrust obtainable with no tall-pipe
or nozzle losses, vas calculated by means of equatlm (3) (appendix).
!l!he efficiency  with the constant-area nozzle vas about 95 percent
for all flight ccnditicns and engine speeds, vhereas the efficiency
vith the variable-area nozzle varied from 87 to 93.5 percent. The
losses obtained vith the variable-area nozzle are attributed to gas
deflection and turbulenue  at the nozzle outlet, together with leakage
through the nozzle seals.

The augine perfonuance with the armstaat- and variable-area
exhaust nozzles has been ccmpared oa the basis of lOO-percent ef'fi-

. cienay for both nozzles and on the basis of the nozzle efficiencies
actually obtained.

Performance with lOO-Percent Exhaust-Nozzle El!'ficiency

The variatim of net thrust with turbine-outlet temperature and
the variation of net thrust specific fuel consumption with net thrust
are presented in figure 6 for constant- and variable-area exhaust
nozzles (data acrrected to nozzle effioiencies  of 100 peruent). Data
are presented for several flight conditicms at various engine speeds
with the ccnetent-area  nozzle and at four nozzle areas for each of
the three engine speeds with the variable-area nozzle. On the basis
of equal exhaust-nozzle efficiency, about the same thrust and
epecific fuel cc9lsumption were obtained at corresponding engine
speeds and turbine-outlet tempersfures  for both variable- and caolstant-
area nozzles. Any slight differences at the same sngine speed are due
to experimental  inaccuracies in the data.

At a given turbine-outlet temperature, increasing the engine
!sp&ed with the variable-area nozzle sometimes decreased the net
thrust (fig. 6(a)). A curve shaving the variation  of net thrust
with turbine-outlet temperature does not, however, take account of
the imp-t parameter of emuet-nozzle  area. For example, at
12,000 rpm and a turbine-outlet temperature of ll22O R, the air flow
was 28.26 pounds per seoond at a nozzle area of 1.487 square feet
(table I, run 55; uncorrected values). At 12,500 rpm end at L
turbine-outlet temperature of 1127O R, although the air flov did
increase slightly to 28.66 pounds per second, the nozzle area was
increased to 1.610 square feet (table I, run 59).

.

.
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At an altitude of 25,000 feet, a flight Mach number of appxui-
mately 0.53, and a constant engine speed of 12,500 i-pm, increasing
the nozzle area iKm 1.211to 1.610 square feet (33 percent)
decreased the net thrust frcnn 1378 to 738 Rounds (46 percent).
tuble I, runa 62 and 59.) In order to produos the same thmmt

(See

decrease with the constant-area nozzle, en estimated reduotion in
engine speed From 12,350 to 10,500 rgm would be required. (See
fig. 6(a).)

Effect of flight Mach number. -The effect of flightMach
number cn net thrust and specific fuel consumption (fig. 7) for the
vsriable- and ccastant-area exhaust nozzles, &uming TOO-percent
nozzle efficiency, was obtained by crose-plotting curves such as
those presented in figure 6. It is a aharacteristio  of this engine
that an increase in flight Maoh number reduced the turbine-outlet
temperature obtained at any engine speed, whereas BP irmrease in
altitude at a given flight Mach number raised the turbine-outlet
temperature. At high altitudes and low flight speeds, it was there-
fore impossible to obtain rated engine speed without exceeding the
safe temperature limits of the engine. l!bxa a preliminary investi-
gation of the coplet&&-area nozzle ut a flight Mach number of 0.25
and an altitude of 25,000 feet, a maximum turbine-outlet temperature
of 1600° R was obtained at an engine speed of 12,080 rpm; at a flight
Mach number of 0.94, a turbine-outlet temperature of 1570° R was
obtained at 12,500 rpm. C~sequently, at flight Mach numbers less
than 0.80, the engine was limited by a turbine-outlet temperature
of 1600° R (temperature obtained with the constant-area nozzle at
sea-level static conditions) and at Mach numbers greater than 0.80,
by an engine speed of 12,500 w. Because limiting temperature8
could bemaintained at rated engine speed for all flight Mach
numbers with the variable-area nozzle, slight gains in thruet over
that obtained with the constant-area nozzle are available at most
Mach numbers. At a Mach number of about 0.80, at which limiti~
turbine-outlet temperature and rated engine speed could be obtained
for the constant-area nozzle as well as the variable-srea nozzle,
the thrusts with both nozzles were approximately the ssme (fig. 7).
The net thrust specific fuel ocnsumptions  obtained with the constant-
and variable-area nozzles at maximum engine conditions were approxi-
mately equal for all flight speeds.

The variation of net thrust speuific fuel consumption with
flight Mach number is shown in figure 8 for three reduced values of
net thrust. Thrust with the variable-area nozzle was reduced by
increasing the nozzle area. Although most data vith this nozzle
vere obtained at rated spgine speed, in a few cases en engine speed
of 12,000 rpm was used because a sli&tly lower 8pecific fuel con-
sumptim was obtainable at the came thrust. At thrust value8 of
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80 and 65 percent of the maximum available thrust, the speoiflc fuel
consumption was approximately the same for the constant- and variable-
area nozzles at all flight speeds when compared at lOO-percent nozzle
efficiency. At 50 percent of the maximum available thrust, however,
slightly lower specific fuel consumpticns were obtained with the
variable-area nozzle.

Effect of altitude. - The variation of net thrust and specific
fuel consumption with altitude for the constant- and variable-area
exhaust nozzles with an assumed efficiency of 100 percent (fig. 9)
was obtained from cross plots of curves similar to those shown in
figure 6. Beoause the turbine-outlet temperature increased as the
altitude was raised at a given flight Mach number, it was necessary
to reduce the rotational  speed as the altitude was increased in order
to operate within the temperature limits with the constant-area
nozzle. With the variable-area nozzle, however, rated speed and
limiting turbine-outlet temperatures were maintiined at high alti-
tudes by increasing the nozzle area.

At an altitude of 15,000 feet and a flight Mach number of 0.53,
a turbine-outlet temperature of about 1600° R was obtained at an
engine speed of 12,500 rpm with the constant-area exhaust nozzle;
whereas at 45,000 feet and the same flight Mach number, the limiting
turbine-outlet temperature (1600' R) was obtained at 11,150 rpm.
For altitudes fram 15,000 to 25,000 feet, the net thrust and the
specific fuel consumption obtained tith both exhaust nozzles opera-
tIng at loo-percent efficiency were approximately the same. The
slight disagreement at low altitudes Is attributed to experimental
inaccuracies in the data. At altitudee  above approximately 30,000
feet, however, at which the engine speed with the constant-area
nozzle was ccnsiderably  reduced, higher thrusts and slightly lower
specifio fuel coneumptions were obtained with the variable-area
nozzle (fig. 9).

Performance with Actual Exhaust-Nozzle Efficiencies

Performance data obtained with the exhaust-nozzle efficiencies
indicated In figure 5 are shown in figure 10 for the variable- and
constant-area nozzles at several flight conditions. With the effl-
ciencies shown in figure 5, higher thrusts and lower specific fuel
consumptions  were more often obtained with the constant-area nozzle
than with the variable-area nozzle (fig. 10).

Exhaust-nozzle efficiencies and the effect they can prcduce on
net thrust and specific fuel consumption  are shown in figure 11 for
an altitude of 25,000 feet and a flight Mach number of 0.53. An
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efficiency of about 95 percent is indicated for the' constant-area
nozzle, whereas an efficiency of about 91 percent is shown for the
variable-area nozzle at rated engine speed. The nozzle losses have
a larger percentage effect on net thrust and specific fuel consump-
tion based on net thrust than they do on the nozzle efficiency, which
18 based on Jet thrust. For nozzle efficienoies of 100 percent, the
net thrust with the constant-area nozzle was 2 percent higher than
with the variable-area nozzle at 1600° R. For the actual nozzle
effioiencies, the net thrust with the constant-area nozzle was
&bout 8 percent higher than with the variable-area nozzle at l6000 R.
At a net thrust of 1200 pounds, the specific fuel coneumptions with
-both nozzles were about the same for nozzle efficiencies of 100 per-
cent. With the actual nozzle efficienci8s at the same thru8t, how-
ever, the specific fuel oomumption with the variable-area nozzle
was 8 percent higher than with the constant-area nozzle.

Effect of flight Mach nuder. - Zkom a cross plot of curve8
etiilar to those shown in figure 10, the variation of measured net
thrust and specific fuel consumption with flight Mach number wae
obtained (fig. 12). For all flight M&h numbers investigated at
an altitude of 25,000 feet, higher thrusts and lower specific fuel
consumption8  were obtained with the constant-area nozzle than with
the variable-area nozzle. The relativelylowthrustand  high
specific fuel consumption obtained with the variable-area nozzle is
a direct effect of the nozzle losses. The variation of epecific
fuel consumption with flight Mach number for both types of nozzle
is shown in figure 13 for-three reduced values of net thrust. Thrust
with the variable-area nozzle was reduced by increasing the nozzle
area. Although most of the data with this nozzle are for rated
engine speed, in a few case8 an engine Speed of 12,000 rpm wa8 used
because a slightly lower specific fuel gumption was obMinable
at the same thrust. For practically all fli&t Mach Ilumbers at the
three thruet values shown, the specific fuel consumgticn obtained
with the canstant-area nozzle was lower then that obtained with the
variable-area nozzle.

An advantage of the varLable-area exhaust nozzle is the degree
of thrust variation that can be obtained without chan&ng the
rotational speed of the engine. The variation of net thrust with
exhaust-nozzle area for various fli&t Mach numbers at 25,COO feet
is presented in figure 14. For the range of data investigated, the
percentage decrease in thXVSt that was Obtained for a giVEan inCreaSe
in nozzle area is independent of flight Mach number. The data ahown
for flight Mach numbers of 0.12 and 0.25 indicate that little change
in thrust can be obtained by further increases in nozzle area.
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Effect of altitude. - The variation of net thrust and specific
fuel consumption with altitude (fig. 15) wa8 obtained from cross
plots of curves similar to those shown in figure 10. For altitudes
from 15,000 to 25,000 feet, the thrust obtained with the constant-
area nozzle was considerably higher than that obtained wlth the
variable-area nozzle. As the altitude was Increased, however, the
engine speed with the constant-area nozzle was reduced in order to
stay within the engine temperature limite. Thus at altitudes above
37,000 feet, a higher thru8t was obtained with the variable-area
nozzle than with the constant-area nozzle (fig. 15). The specific
fuel consumption at all altitudes investigated wae higher with the
variable-area nozzle than with the constant-area nozzle. .

The variation of net thrust with exhaust-nozzle area for
various altitudes at a flight Mach number of approximately 0.53 is
presented in figure16. For a given increase in nozzle area, the
decrease in thrust that was obtained w&e essentially independent of
altitude.

WMMARYOFRESULTS

The following results were obtained from an altitude-wind-
tunnel investigation of turbojet engine performance with constant-
and variable-area emat nozzles for a wide range of altitude8  and
flight Mach numbers. The engine has an ll-stage axial-flow CCQL-
pressor and a two-etage turbine.

1. The efficiency of the variable-area exhaust nozzle was 1.5
to 8 percent lower than that of the constant-area nozzle. As a
result, the net thrust with the variable-area nozzle at an altitude
of 25,000 feet, a flight Mach number of 0.53, and a turbine-outlet
temperature of MOO0 R was 8 percent lower than that obtained with
the constant-area nozzle. At the 8ame flight conditions and a net
thrust of 1200 pounds, the specific fuel consumption was 8 percent
higher with the variable-area nozzle than with the conetant-area
nozzle.

2. With the results corrected to a nozzle efficiency of
100 percent, upproxImately the same net thrust and specific fuel
consumption was obtained at limiting engine conditims for the

'variable- and constant-urea nozzles. Reducing the thrust by
decreasing the engine speed with the constant-area nozzle or by
increasiq the nozzle area tith the variable-area nozzle resulted
in about the same specific fuel consumption.
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3. At an altitude of 25,000 feet and a flight Mach number
. I of 0.53, inmessing the nozzle area 33 percent decreased the thrust

; L . .- : .' about 46 percent-. -An equal thrust reduotim with the constant-area
nozzle required an estimated reduction In en@ne speed from
12,350 to about 10,500 rpm.

Lewis Flight Propulsion Laboratory,
National Advisory Cmmittee for Aeronautics,

Cleveland, Ohio.
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APPENDIX

ME!THODS OF CAICUL&TION

Symbols

cross-sectional area, sq ft

jet thruet,  lb

jet thrust assuming no losses in tail pipe or nozzle, lb

net thrust, lb

net thrust assuming no losses in tail pipe or nozzle, lb

acceleration due to gravity, 32.2 ft/gec2

total pressure, lb/sq ft absolute

static pressure, lb/sq ft absolute

gas constant, 53.3 ft-lb/(lb)(OR)

total temperature, OR

indicated temperature, oR

static temperature, OR

velocity, ft/sec

air flow, lb/set

fuel flow, lb/hr

gas flow, lb/set

net thrust epecific fuel consumpticn, lb/(hr)(lb thrust)

thermocouple recovery factor, 0.85

ratio of specific heats

exhaust-nozzle efficiency, ratio of measured jet thrust to
jet thrust obtainable with no tail-pipe or nozzle losses
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Subswipts:

0 ties-atrem  oondlticms

2 compressor inlet

5 turbine outlet

Total temperature

Temperature

Air Flow

The engine alrflcmwas  obtahsd fkcm,

. $&@y&..+-;W& - P2A2

(1)

(2)

Net Thrust

The free-Stream momentum of *he engine air flow was Bubtraoted
from the jet thrust, 8s measured by the taPne1 balance soales, to
obtain the net thrust'

Fn = F wavO
j - g

The Ideal jet thrust that was required to detennlne the e&mat-
nozzle efficienoy was obtained frcnnthe engine mass flow, measure-
ments at the turbine outlet, and the ambient static pressure
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The SxhauSt-nOZZle  SffiCiSm~  wa8 defined as
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TAatEI- PERFORKMCB  DATA FOR TXIRBOJEl'

1

CI .
5

.
0

B

z
6 , 0 0 0
5 , 0 0 0
5,m
5,000
5,000

X:E

86'E
&CO
5,000

XE
15:COC
15,ooo
16,OOC
15,000
16,wo
15,COC
16,OCO
15,000
16,000
15,000
lS,wo
16,OW
15,000
ea,oCC
26,000
25,000
25,000
25,OCO
26,000
25,COo

IXE
2s:OCo
=*c-
25,ocm
26,ooO
26,000
25,000
25,m
26,000
26,oCO
25,000
26,CoO
26,OCC
25,000
25,400
25,cmC
26,CCO
26,000
25,COO
I; SJg
2s:OOo
25,000
25,oOC
26,CCO
25,000
25,CCo

2

2

1755
1760

zz
175s
1753
1765
1753
1760
1760
1753
1753
1765

Ez
1189
1186
1184
1186
1188
1190
1190
1188
1189
1190
1190
774
781
774

E
774

;:t
781
781

z
774
781

E
781

2:
781
774

z:
781
781

z

ii:
778
781

z::
781

S

P
ijs2”
&
499
497

tz
498
514
508
506
506
493
497
51.5

E
974
464
466
465
466
467
467
465
466
466
466
464

z

t Ei
453

z:s
453
455

fE
462
449
448

E!
449
449
449
448
449

t ii
449
451
431
4ss
4sS

iii

Z
451
43-C
431

4

k
1
f
8
2
0.11
.12
.ll

:Z
.x3
.ll
.ll
.lS
.12
.lS
.I3
.lS
.6S
.55
.53
.SS
.5S
.52
.55
.I2.-.63.ss
l 5s

:E

:E
.lS
.I2.lS
.12
.14
.13
.lS
.14
.14

:E
.25
.25
.es
25
.25
.26
.2e
:::
.26
.53
.ss

:Z
.5s
.6S

:E

:E
.63

-ii8
.

P
e
a
iI

11,000
11,OCO
ll,oOC
11,000
11,oCO

2E
l2:ooo
12,000
12,500
12,600
l2,500
l2,WO
11,000
11,OCC
11,COC
11,OOC
11,000
l2,OOO
12,000
12,000

g:g
12:sCC
12,500
11,OoO
11,COC
11,OoC
11,000
12,OOC

i2E
12:CuO
12,500
l2,soo
12,5oC
12,600
11,000
11,COC
11,000
11,ocm
l2,OOO
12,000
12,CCo
12,000
12,600
12,500
12,500
12,500
11,CCC
11,000
11,ow
11,000
12,000
12,cmC
12,COC
12,ooC
12,600
12,600
l2,WO

$
na$

JL
1.811
1.447
l.Sl2
1.178
1.154
1.762
1.403
1.255
1.190
1.881
1.44s
1.332
1.240
1.563
1.213
1.129

EE
1:sst
1.296
1.219

ziz
1:se7
1.267
1.197
1.543
1.259
1.209
1.127
1.662
1.337
1.251
1.209
1.881
1.441
1,510
1.255
1.426
1.266
1.200
1.126
1.657
1.345
1.257
1,211
1.881
1.587
1.291
1.253
1.341
1.230
1.142
1.091

:-t:z'
1:2w
1.149
1.610
1.358
1,255

%ata adjusted for nltltuds tempmatura varlatlom..

5 6 7

2
m

i!g

OP
$fi
lll9
1453
1706
2101
2325

Et
2264
2660
1549
2OCO

E&z
1129
1404
1784
1940
2049
114Q
1617
1671

TEi
1656
1960
2284
709

1%
1252

1%
1241
I.373

1z
12Sl
1404
778
981

1076
1277
79s

1050
1236
I.358

1%
I.277
1424
899

1055
1236
1444

lE!
1409
1616
QkS

1216
1488

c
.
6;;
rlz\
22
-
44.77
44.60
44.65
44.24
43.90
47.45
48.17
48.25
48.54
60.84
61.00
49,Sl
49.78
56.76
35.91
36.44
36.90
36.28
39.99
se.91
S9.62
(0.21
41.50
41.58
41.58
41.49
21.94
22.11
21.72
21.75
23.70
23.57

20501
23:95
24.01
25.96
24.45
22.37
22.74
22.30
22.26
24.55
24.2s
24.21
24.14
24.48
24.45
24.61
24.69
28.SS
26.26
25.83
25.4s
28.26
28.26
28.26
28.18
28.60
22.60
2 8 . n

*

9

*)
2I
a-OP
55
9OL

m a
1071

i67E
2046
2170
1375
1899
2252
2539
1614
2071
2214
2558
1438
1666
1926
1993
2075
1462
19ss
2lOS
2341
1481
1984
2228
2445
698

:zz1130750
11%
1346
725

11E
1310

lizi
EXeg
1zI236
1326

1E
1243
I.367
1106
1244
1366
1472

5%

EE
1100
I.383
1601

10

835
1258
1481
1799
1931
1113
1648
1996

E
1778
1934
2277
796

1044

Ez
1443
779

1244
1426

'%3
1259

Ez
568
865
892

1014
657
962

1087
1209
597
879

1046
1171

E
895

1009

a%
1057
1lSC
655
893

~~
E

1Ei
662
932

1087
1233
662
004

1120

7
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15

.

11
c

*c
G+

-T!

,gj

i%k

02:

6”:

&

a0 I-
mo-

1.340
1.155
I.151
1.168
1.204
1.252
1.129
1.134
1.178
1.250
L.125
1.133
1.168
1.420
1.345
I.377
1.420
1.420
1.475

EE
1.340
1.583
1.315
1.304
1.324
1.206
1.147
1.150
1.235
1.199
l.ll2
I.142
1.136
1.358
1.173
1.177
1.199
1.2%
1.191
1.201
1.266
1.273
1.173
1.192
1.202

EE
1.236

x2
1:315
1.341
1.379
1.405
1.289
1.296
1.331
1.519
1.3%
1.326

12

iG4-m
CI-
$@ii

2-I 0
25
"2
2s

1029
ll84
1300
1481
1571
XL39
1313
1478
1627
1138
131s
1450
1619

Ez
1496
1594
1530
1110
1336
1461
1635

22
1468
1634
1083
X363
1421
1629

2::
1538
1 6 %
ll27
1337
1522
1634
El.37
1331
1431

EE
1328
1492
1602
1112
1362

EE

E

:6%

EE
L493
1640
L127
L334
1630

13

-2
z-
IJ -I
Zh

di
::
: d

ll66
1592
1866
2205
2352
1514
2063
2437
2758
1691

i.z
2793

1776

Et:

Et%
Ez

Ez

iz
2666
747
1046
llos
I.280
852
iin
1319
1469

lE

izz
8R

EZ
1336

lt%
1344
1442

lz
1375
1491
1198
L361
L4QQ
1652
1234
1526
1781

Ei
LS21
L766

14

'Ga
;0

I -
- s
gz

929
1350
1638
1958
2113
1252
1812
2181
2477
1416
I.942
w2
2512
939

Ez
1587
1603
894

EE
l8s7

1%
1667
19%
637
927

LEZ

Lo72
us7
L332
704
984
Ll69
K-09
685
902
985
Ll53
687
978

Ez
660
989
U65
1286
753
919
.065
227
764
-056
305
.400

.iE
285

15
LI

$2
P

locIP
hzc0.e -s-la
#

&gz

1.205
1.076
1.041
I.073
1.100
1.113
1.027
1.038
1.074
1.094

EZ
1.059
1.202
1.217
1.205
1.222
1.278

EE
1.l80
1.166
1.326
1.181
1.176
1.174
1.113
1.058
1.028
1.076
1.081
L.o&4
1.037
L.031
1.149
L.046
L.053

::EZ

::EE
1.108
1.154
I..074
t.079
L.090
L.226
!.106
L.096
!.107
1.194
..l%
..16I
..177
..2l7
..137
..080
..154
..280
..167
..158

16

0.919
.942
.Q16
.928
-923
.QO8

2S.t
.921
.895
.927
.926
.916
.QOQ
.938
.Ql2

:E
-927
.933
,929
.ms
.QOQ
.Q33
.9x
.917
.934
.Q31
.904
A-83
.916
.92Q
.917
.916
.871
.906
.906
. 905
.931
-929
.923
.892
.928
,931
.920
.920
.879
-920
.904
.917
.922
.914
.QOS
.891
.917
.QlQ
.878
.QW
.QOS
.909
.907

17

od

e .
osz
% .

EP

S&
“IO

11,020
ll,O40
l&o31
1~,040
11,030
11,840
IL,910
ll,Q40
ll, 940
12,590
12,5Ea
12,330

3%
1o:aso
11,010
10,990

Ebb
11:970
11,970
12,000
12,%0
12,480
12,480
12,515
10,710
10,710
10, no
10,710
U,6QQ
11,660
l&690
L&690
12,140
12,170
12,170
L2,170
LO,750
LO,760
LO,760
10,760
EL.730
L1.730
u,730
u,75Q
L2,220
12,240
L2,220
L2,22cJ
LO, Q80
LO.960
LO,850
.0,950
-1,970
1,970
1,970
1,970
.2,460

18
7

2;
'-dz .
Z'I
"3 ;-00 .

1.342
1.160
1.155
1.174

EE
1.121
1.129
1.174
1.261
1.129

kii!
1.4l6
1.333
1.379
1.4lQ
L .4lQ
1.474
1.297
1.310
1.340
1.581
1.314
1.304
I.326
1.175
L.llQ
1.121
1.204
1.169
L.082
1.113
1.107
1.317
L-143
L.147
L.169
L.2l7
L.166
L.176
!.238
:.245
i.144
..166
..177
..427
..lQQ
..209
..lQQ
..359
..3l3
..336
..374
..404
..286
..2Q4
..329
A16
..3%
..326

19

b%
22
56on.
,6d
3 4=--
0 !A 6
zi4-.
%S YUOEI
1032
lls3
1307
1492
1580
1110
1295
1462
1608
lJ.53
1328
1410
1594
ll3L
1289

E
1528
1108
1332
I%5
1632
ll.19
1322
1463
1640
1028
1292
1 3 %
1542
1058
1309

kc
1062
1267
1442
1549
LO87

~~
1560
LO53
L268
1426
L533
1062

EZ
L557
L144
L279
L423
L61.2
1117
1319
-487
.631
120
334
.s22

20
I
:1

2; !
a2 1
:t ;

28- ;00 Cd
z- a:
&i;>;

1.209
1.079
1.044
1.076
1.103
1.098
1,022
1.033
1.069
1.101
l.c)33
1.024
1.054
1.200
1.205
1.207
1.221
1.277
1.284
1.166
1.178
1.165
1.326
1.l80
1.176
1.176
1.064
1.031
1.001
1.049
1.054
.995

l.Oll
1.005
1.116
1.021
1.026
1.046
1.111
1.064
1.067
1.083
1.128
1.050
1.055
1.067
I.lea
1.082
1.071
1.082
1.190
1.144
1.156
1.172
1.213
1.133
1.076
1.150
1.276
1.167
1.154

r -
:
:
?
i

:c.
3:
P
!.

:
:

4
4
4
4

:

:

:
5
E
E

:

:

.::L6

1
32
2
;
8.
9

;:

i:

:54

;!:

ii

2
22

2

2
27

E
50
51
52

2
55

5:

ii

K
L2

2
LS
I6
L7

E
io
il
12
i3
I4
i5
5
'7
8
,Q

:



N A C A  R M  N o .  EBJ25d

l

CEUE-3 - PEFlFORMA.NCB  DATA FOR TURSOJET EIVGINE

.

62
::
::
67

z
70

z
73

2

;f?

E
80

2

:94

::

ii87
89

K

is8

2
86
97
98
99

E
.02
.03
.oc
.os
.06
.07

2
.lO
.ll
.l2
.13
.14
.15
.I6
17

.E
2c
21
22

25,000
85,000
25,000
25.000
El.000
2Szs;OOO
25,000
E%%
25:OW
25.000
aS;OW
25,000
25,000
25,000
25,OOC
25,000
25,OW

222
25:OOO
25,000
=,ow
25,000
25,000
25,000
25,ooo
25,000
25,WO
a5,OW
25,OW
a5.000
25,000
25,000
P,WO
25,000
25.000
3s;OOC
35,000
35,000
35,000
35,OW
35,000
35,WO
3S.WO
35,000
35,000
35,000
35,000
45,WO
45,OW
45,000
45,000
45,000
46,000
46,000
45,oCo
43,000
45,000
45,000
45,oOC

e
a0
$7i;
kc
3x83;42(b)
778
778
778
778
778
781

z

Ez
781
778
781
781
784
781
781
781
781
781
778
761
778
778

E11
781

2
796

E

EZ
817
896
493
500
4Q3
493
493

it:
so0
493

2:
E
E
E:
z:
22
Ez
303

a
9
B::
@
2..
Jg
427
425
423

z
426
428

277

%
428
426

z:
426

E
430

tz

isi
431

3 %
393

z:
394
395
397
395
399

ii:
398
431

z

z;
430
432
433
ah
429

ii22
2:430
z:4.33
432
431

2

z:

4 5 6 7

DE
E
ss

8

2
0.55
.72
.73
.73

:Z
.73
.73
.73
l 73
.73
.72
.73

::
.86
.86
.86
.86
.87
.87
.86
.86
.87
.86
.94
.94
.95
.95
.QS
.94
.93
.93
.94
.93
.93
.93.
.5a
es1
.62
.53
.s3
.s3
.53
.Sl
.52
.55
.53
.Sl
.Sl
.52
.52

:Z
.51

:E
.51
.52
.52
.52

d
ii
P

z

if
12,SOO
11,Ocm
11,000
11,000
11,000
12.000
12,000
12,000
12,000
12.500
12,SOQ
12,500
12,sOC
11,ow
3&ow
11,000

xiz
l2:wo
12,000
12,000
12,Sm
12,600
12,500
12,500
11,000
11,ow
11,000
11,wo

~%I
l2:wo
12,000
12,900
12,500
12,500
12,500
ll,ow
11,wo
11,000
ll,wo
l2,wo
12,000
12,000

E%z
12:sw
12,M)o
12,500
11,wo
11,000
11,wo
11,000
12,wo
12,000
12,000
12,000
12,600
12,500
12,500
12,500

I=:.w
1"z

r
m

;E
"04
21
&B

s"

1.211
1.269
1.183
1.096
1.026
1.455
1.255
1.195
1.139
1.530
1.325
1.247
1.195
1.282
1.147
1.103
1.026
1.465
1.255
1.158
1.122
1.486
1.264
1.226
1.190
1.356
1.195
1.113
1.026
1.443
1.267
1.165
1.096
1.518
1.304
1.207
1.147
1.378
1.253
1.163
1.119
1.577
1.319
1.255
1.207
1.881

;:2
1.251
1.647
1.337
1.264
1.187
1.734
1.403
1.325
1.264
1.881
1.486
1.403
1.349

.

;$

2s
1640

1~~
1394
1650
991

1333
1582
1800
1031
1333
1572
1815
957

1297
1511
1695
1007
1394
1724
1970
1119
1503
1735
1098

1%
1666

Ez
1520
LB40
2325
L239
1675
2050
2356
603
734
854
935
613

E
LO31
598

s7z
1036
370
481
527
613
410
537
593
663
446
532
618
653

r’.
c6::\23
-
27.34
29.68
29.83
29.46
29.18
32.21
32.30
32.17
32.09
32.78
32.72
32.85
32.86
32.46
32.64
32.35
31.91
3S.48
35.55
35.74
35.72
36.61
36.33
36.41
36.m
37.66
38.64
35.96
38.96
u.22
u.03
41.64
40.59
42.23
42.37
42.62
42.26
16.53
16.47
16.14
16.08
17.89
18.03
17.90
17.67
17.68
17.87
17.98
18.01
9.82
0.84
9.82
9.73

10.62
10.60
10.80
Il.39
10.62
10.90
10.86
10.64

a-
52
a.
s
1699
1315
1571
1673
1'797
1432
1743
1013
203s
1432
1735
1920

Es:
1789
1896
2009
1615
1982
2221
2343
1732
2081
2254
2407
1710

E:

iO%
2331
2611
2781

Fi
0737
2888
667

2:
906
6Qa
899
987
LO42

:Ei
056
LO49
361
477
511
559

z'o"
595
668

25

10

P
.

i*r
$3
54y
1221
639
88Q
989

1126
692

E
1299
681
986

1170
1344

:2
1013
1142
643

1011
1241
1362
727

1087
1254
xl.3
633
086

1181
1371
826

1160
1437
1636
829

1243

E
396

tkz
637
391

iii
760

z:
655
757
202
315
361
397
226
380
416
478

~~
442
466

.

'Data adjusted for altitude temperature variation&
data not obtained.
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Il

$j
.u0 -

z 23
0%
3;
0 CP
C&OS+
C20-

1.343
1.455
1.373
1.410
1.465
1.432
1.333
1.348
1.386
1.514
1.352
1.344
1.350
1.493
1.446
1.492
1.884
1.666
1.379
1.389
1.446
1.539
1.383
1.384
1.414
1.643
1.396
1.411
1.459
1.427
1.310
1.350
1.421
1.495
1.346
1.337
1.397
1.523
1.390
1.433
1.468
1.668
1.348
1.343
I.357
2.007
1.394
1.382
1.369
1.832
1.527
1.501
1.544
1.814
1.413
1.425
1.387
1.843
1.494
1.398
1.432

12

A-oc
CIOw+r
z ,;,
3
': c'
25
22

I%

1638
llJ.5
l312
1469
1634

Ez
1492
1636
1127
1313
1470
1623
1107
1328
1454
1695
ILL01
1321
1496
1648

2s460
1493
1616
lQO5

E17
1558
1082
1263
1444
1625

E
1496
1630
ll42
I326
1496
1647

E%
1495
1638

ZE
1494
1624

Ez

?6%
u.64
1422
I.525
1676
1198

k5%
1616

13 14 15 16 17 18 19

18S6
14l9
1717
1869
2037
1635
I.884

z:
1657
1873
2095
2290
1627
1971

E
1751
2l65

:lE
1898

Ezl
2644
I.668
2341
2397

El%
2527
28Be'
3122
2241
2679
3021
3237
732

EZ
1043
763
983

1079
1154
697
933

1059
1159

E
546
616

z:

Ei

I%
668
667

‘C
kl
.

4J

14s

zfl
a-

I378
743

1035
1185
l386
795

1141

Eo2
806

E2
1336

1%
1241
1404

l.z
1461
1667
893

Ez
1650
791

E
1786
887

1356
1724
1977
1030
1472
1817
2035
461

%Z
774
462
684
781
8721

2:

Et

E

2:
273

z
557
293
4lO

zi

we

-q
-=ub-
FI Bft83'
.dP5
2T
x. B,PG30-

1.180
1.252
1.180
1.176

E%
1.168
1.163
1.175
1.278
1.38-S
1.169
1.182
1.291

;:iE
1.207
1.293
1.177
1.180
1.182
1.253
1.180
1.172

;:2
1.111
1,221
1.120

;:Z
1.126
1.176
1.203
1.138
1.128
1.158

ZE
1.2l8
1.208
1.356
1.183
1.184
1.182
1.469
1.231
1.194
1.185
1.568
1.374
1.369
1.350
1.w2
1.316
1.278
1.190
1.522
1.298
1.285
1 . 3 2 7

a.915
.927
-915
.896
.882
.933
.925,
.911
.897

:9%
.816
.916
.939
.900
.a93
.a85
.922
.9!al
.SlO
.885
.913
.918
.909
.BlO
.9l5
.892
.824
.861
.922
.922
.QOl
,891
.9ia
.9x
.906
.a92
.911
.917
.881
.869
.919
.915
.916
.SO3
.a44
.922
.903
.905
.814
.832
.838
.908
.895
.952
.925
.894
.a90
.908
.94l
846-

l$
05
d -om
%0 d
ki8s¶
12,530
11,060
Il.080
11,000
ll,O20
12,040
l2,OlO
12,020
12.020
IZ,SlO
12,520
12,610
=G=o

xz
ll:040
ll,O40
sl.990
3g$
12: 010
12,490
12,470
l2,470

2E
ll:rBO
Il.560
11,640
12,530
12,610
12,480
12,610
12,970
12,940
12,970
12,970
10,510
10,505
10,610
10,610
am
ll,480

2z
Xi;890
EL.970
~.93CJ
11,830
10,490
10,480
10,510
10,500
ll,380
11,440
11,440

2%
11:940
11,940
xl.940

2 s
*r

40 z
“‘: 9

$j f:

s= -

2

z
2

.?xt:

8Zit”ti

1.346
1.463
1.366

;:2
1.439
1.336
1.362
1.390
1.517
1.356
1.346
1.357
1.494
1.449
1.499
1.490
1.566
1.37s
1.390
1.449
1.640
1.380
I.381
1.4l.6
1.613
1.458

1':5%
1.491
1.377
1.404
1.482
1.663
1.397
1.389
1.453
1.456
1.327
1.370
1.402
1.499
1.282
1.281
1.295
1.910

EE
1.307
1.744

::Z
1.473
1.720
1.346
1.369
1.324
1.759
1.429
1.337
1.366

s5
01
$1;
0.0
&!K
8: s
1646
1125
1332
1419
164l
Ku9

EE
1642

EE

kc
sio7
1928
1468
1608
XL01

;z
1650
1148
1352

:6%
1087
1343
1497
in8

Ez

:E
ll88
1403
1602
1760

E%
1362

E
1247
1361

t%f
1222
1361
1479
1010

El

:O%
I.280
1382
1522
1069
1307
1443,

1 4 6 9

xl
P

:-
2; j
PSI
“fi R
zz -
ti: ;:- s
Ed&c
B “125utiio-
1.193
1.257
1.189
1.176

ZE
1.168
1.166
1.178
1.279
1.189
1.169
1.187
1.891

EE
1.212
1.293
1.177
l.l80
1.182
1.233
1.176
1.168
1.212
1.289
1.160
1.281
1.176
1.234
1.167
1.166
1.225
1.249
1.179
I.lR
1.202
1.250
1.169
1.164
1.154
1.286
1.134
1.131
1.130
1.398
1.179
1.141
1.142
1.494
1.309
1.309
1.286
1.424
1.254

kF4
1.451
1.241
1.229
1.263

-v

62

if

::

:.i

2

z

z

2
77

z

%!
82

z
85

ssg7
tt

::

::

2

E
x:

E
LO2

Ez
106

E

Et

Ez
112
I13
cl4

ii:

ii:

E4

g-
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sieure 1. - II&axlAtlcm  of turbojet mgim In altitads wind tlmmLl.
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c.18iOS
(a) Rozzle in open position. = 6.12.47

Tr;) nozzle in OlOSr3d  pO8itiOXl.
c. 18692
5.12.47

BiglEe 2 . - !Cail pipe of turbojet engine with verisble-area exhkuet nozzle,



.

.



.

Figlwe 3. - Variablearea &aunt mrxlevlthfJarible  waling lipbatwben  tail pip and mrzl.0 vlemcl froll IWide of pip
lmklnl7 dmuetrem.
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StatIcal  2,cmpreseor
ail.e~

8tatlon 4, StatIonturblm
exhaust

- 6,

inlet rlCZZl.8

Blgulw  4. - &ODE section  of turboJet  ins2;allatlm  ahwing  relation of oompomnt  parts  amI ~a~jng  tgtatlom in engine,
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zg
!i
;46%cl0
EQI
2:2:P
ii
1

Engine Exhaust-
l8ptXfd nozzle
(rpm) area

0 12,500 Variable
0
0

11,990 Variable
1 0 , 9 7 0 V a r i a b l e

D 19,600 Constant
J3 11;850 Constant
R 10,870 Con&ant

(a) Altitude, 25,000 feet; flight Mach number, 0.53.

(b) Altitude, 25,000 feet; flight Mach number, 0.86.

95
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(c) Altitude, 15,000 feet; flight Mach number, 0.53.
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1 . 0 1 . 2 1 . 4 1 . 6 1 . 8
Projected exhaust-nozzle area, aq ft

(d) Altitude, 35,000 feei; flight Mach number, 0.52.
Figure 5. - Exhaust-nozzle efficiency for variable- and conatant-

area nozzles.
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apsed nozzle
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Figure 6. - Variation of net thrurrt rith turbine-outlet temperature and of
speoific fuel consumption  withmet thrust ior assumed exhaust-nozzle
eificienay of 100 percent.

Net thrust, Fu,Net thrust, Fu, lblb
(a) Altitude, 25,000 feet; flight Mach number, 0.53.(a) Altitude, 25,000 feet; flight Mach number, 0.53.

Figure 6. - Variation of net thrurrt rith turbine-outlet temperature and of
speoifio fuel consumption  withmet thrust ior assumed exhaust-nozzle
eificienay of 100 percent.
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Turbine-outlet temperature, Ts, OR

Net thrust, Fn, lb
(b) Altitude, 25,OOC feet; flight Mach number, 0.66.

Figure 6. - Continued. Variation of net thruat with turbine-outlet tsmpsratura
and of apeclflc  fuel consumption with net thrust for aesumed exhaust-nozzle
efficisnop of 100 percent.
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o Variable Constant
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i 12,000 Variable
11,000 Variable

Turbine-outlet tsmperatuFe, T.S, oR

-iid thrust, Fn, lb
(a) AltituUe, 15,000 feet; flight Mach number, 0.53.

Figure 6. - Continued. Variation of net thrust rlth turbine-outlet temperature
and of speclfia fuel consumption with net thrust for asrwned  exhaust-nozzle
effioiency of 100 percent.
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1000 1;

0 Variable Constant
11,930 Variable
11,480 Variable
10,620 vQrtQbl%

Turbine-outlet t%mp%ratur%,~Ts, oFf

.

.

(d) Altitude, 36,000 feet; fli@t Xach number,  0.52.
Figure 6. - Concluded. Variation of net thrust rlth turblns-outlet t%DJperQtW%
and of eipealflc  fuel oonsumptlon rit" net thrust for assumed exhaust-nozzle
efficiency of 100 peroent.
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Plight Yaoh number

Figure 7. - Variation of net thrust and specific fuel eonsmption  vith flSght ldaoh number for
assumed exhauet-nozzle  efflciencg of 100 psroent. Altitude, 26,000 feet.
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- C o n s t a n t - a r e a  exhaust n o z z l e
---- Variable-area exhauet nozzle;

(a) 50 percent of maximan thruet available with constant-area noeele.
m

g I I I I I I 1.-I I I I I I I I I I I I I I I I I

0 . (b) 65 percent of maximum thrust available uith constant-area noer,le.
d

I
rl
:
4  1 . 4
c1
2
9
5 1.0
2 .

(c) 80 percent of maximum thruat available uith constant-area nozzle.
Figure 8. - Variation of specific fuel consumption vlth flight ylaoh number at reduced

thrust valuea for assumed exhauat-nozzle efficiency of 100 peroent.  Altitude, 25,000
feet .
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Constant-area exh8uat nozzle
----- Variable-area exhaust nozzle;

engine apeeU, 12,500 rpm;
;w~~mR-outle4t temperature,

2000.

1600'

f:

2
- 1200.v
3

400.
-Limited by temperktur# Y

Altitude, ft
Figure 9. - Variation of net thrust and specific fuel consumption
with altitude for assumed exhaust-nozzle efficiency of 100 per-
cent. Apmoximate flight Idach number, 0.53.
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Net thrust, F,, lb

(a) Altitude, 25,000 feet; flight ylach number, 0.53.
Ffgure 10. - Variation of net thrust with turbine-outlet temperaturs  and of

apecifio fuel conakuuptlon with net thrust for actual exhaust-nozzle
ellialenaies.
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Turbine-outlet temperature,  Te, %

Net thrust, Fn, lb
(b) Altitude, 25,000 feet; flight Neah number, 0.86.

qlgure 10. - Continued. Variation of net thrust with turbine-outlet teqpera-
turs and o? spealfla fuel consumption with net thmrat"fczr  actual exhaust-
nozzle efficiencies.
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-bins-outlet temperature, Qr 91

1.0
600 800 1000 1200 1400 1600 1200

Net thrust, F,, lb
(cl Altitude, 15,000 Pzet; flight Each number, 0.53.

Figure 10. - Continued. Variation of net thrust with turbine-outlet tempera-
ture and of specific fuel aonsumptlon with net thruet -for actual exhaust-
nozzle efficienpiea,
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1100 1200 1300 I400 1500 1600
Turbine-outlet temperature, T5, oR

2.2

liet thrust, Fn, lb
(d) Altitude, 35,WO feet; flight Maoh number, 0.52.

FiF loa
- Concluded. Variation of net thrust with turbine-outlet tempera-

up8 and of specific. fuel consumption-with net thrust faractualexhaust-
nozzle efficiencies.
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Figure 11. - Variation of exhaust-nozzle efficiency and net
thrust with turbine-outlet temperature and of specific fuel
consumption with net thrust. Altitude, 25,000 feet; flight
Mach number, Oe53.
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area exhaust nossle;

.i? .3k .4 .5 06 .7 .8 .9
Flight Mach ntier

Figure 12. - VWhtio n o f net thr ust a nd q  peaific fuel uonewtion with flight Yach
number for aotual  exhaust-nozzle efflcienoies. Altitude, 26,000 feet.



----Variable-area exhaust  nozzle;
optimum engine apes&

1.4

(a) 50 percent of nmxlmum thmmt obtainable with oomtmt-axsa nossle.

(b) 85 peroent of maxintm thrunt  obtainnble tit& oonstant-area  noxxle,

Flight Mach nnmber
(a) 60 percent of maxtiua thrust obtdnmble  with o~tant-mrer  norrlr. l

Fi-0 13. - varlatlon  of apeolfla rue1 omsumption  with night Yaoh mmber at reduoed
thmrrrt  values for actual whaust-nozxle  efflolsnclsm. Altitude, 26,000 feet.
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50
Percentage of mlnimum projected exhaust-nozzle area.

Figure'l4. - Variation of net thrust with projected exhaust-
nozzle area. Engine speed, 12,500 rpm; altitude, 25,000
feet.
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E c!-0th c16’h m2% 5-C,%a“2 3f”,’
gaiiin4JOdG

I I I I Constant-area exhaust nozzle I I
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-LLimite3 b7 tenwekature-

1.4. --- -' ---____.m- -e-m----- -

--Es7
1.0,

0 10 20 30 40 50x103
Altitude, ft

Figure 15. - Variation of net thrust and specific fuel oon-
sumption with altitude for actual exhaust-nozzle efffclencies.
Approximate flight Mach number, 0.53.
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